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METHODS OF USING IMPROVED POLYMERASES 

[0001] This application claims the benefit of U.S. provisional application no. 607/333,966, 
5 filed November 28, 2001 , which is incorporated by reference herein. 

FIELD OF THE INVENTION 
[0002] This invention provides more efficient methods of performing polymerase reactions. 
The methods employ an improved generation of nucleic acid polymerases. The improvement 
10 is the joining sequence-non-specific nucleic-acid-binding domain to the enzyme in a manner 
that enhances the ability of the enzyme to bind and catalytically modify the nucleic acid. 

BACKGROUND OF THE INVENTION 
[0003] The processivity of a polymerase, Le., the amount of product generated by the 

15 enzyme per binding event, can be enhanced by increasing the stability of the modifying 
enzyme/nucleic acid complex. The current invention now provides enhanced polymerase 
assays that employ novel modifying enzymes in which the double-stranded conformation of 
the nucleic acid is stabilized and the processivity of the enzyme increased by joining a 
sequence-non-specific double-stranded nucleic acid binding domain to the enzyme, or its 

20 catalytic domain which are disclosed e.g., in co-pending U.S. Application No. 09/870,353 
and WOOl/92501. The modifying proteins that are processive in nature exhibit increased 
processivity when joined to a binding domain compared to the enzyme alone. 
[0004] There is a need to enhance polymerase reactions in many applications. For 
example, SYBR Green I (Molecular Probes, Eugene, OR; US Patents 5,436,134 and 

25 5,658,75 1), a fluorescent dye that is specific for dsDNA detection, is widely used in real-time 
PGR reactions to monitor the gaieration of dsDNA through each cycle of amplification. 
However, the addition of SYBR Green I inhibits the activity of DNA polymerases used in 
PGR. Similarly, it is often desirable to use PGR for the analysis of crude or "dirty" nucleic 
acid samples. For example, colony PGR is a useful technique in which small samples of 

30 single bacterial colonies are lysed and added directly to PGR reactions for the purpose of 
screening colonies for particular DNA sequences. However, colony PGR has a high failure 
rate, because of residual contaminants from the colony. Thus, polymerases that are resistant 

I 
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to such inhibitors, e.g., fluorescent dyes and impurities present in the cell extracts, are needed 
in order to obtain more efficient polymerase reactions, e.g., PC31. 
[0005] There is also a need to improve sequencing reactions. Polymerases currently 
employed in sequencing reactions, e.g., cycle sequencing, are often inefficient. For example, 
5 cycle sequencing is often performed with poorly-processive enzymes. Often, the enzymes 
used are ATaq derivatives, which have Taq polymerase's 5 '-3' nuclease domain removed, 
and have a processivity of about 2 bases. Also, in the case of dye terminator-sequencing, 
dITP is used in place of dGTP, which causes polymerase pausing and dissociation at G 
nucleotides. These enzymes therefore produce a large number of sequence products that are 

10 improperly terminated. These stops compete with, and negatively effect, the production of 
properly terminated sequence products. Furthermore, if a polymerase dissociates during 
primer extension of a template containing a repeat unit {e.g., a triplet repeat) or secondary 
structure {e.g., a stem and loop), the 3' end can denature and reanneal so as to prime at a 
different location on the template — for example, in the case of a rq)eat, the reannealing 

15 could occur at a different repeat; or in the case of secondary structure, improper reannealing 
could delete out a section of the template. Thus, dissociation of the polymerase during 
sequencing can cause a problem in efficiently obtaining reliable sequencing information. 
[0006] The current invention addresses both of these needs, Le. , the need for enhancing 
polymerase reactions performed in the presence of inhibitors and the need for enhancing 

20 processivity in DNA sequencing applications). The current invention provides such 

enhanced, or improved, polymerase reactions. The improvement is the use of a polymerase 
that has increased processivity due to the presence of a sequence-non-specific nucleic-acid- 
binding domain that is joined to the polymerase. 

25 BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention provides methods of performing more efficient polymerase 
reactions using a polymerase protein comprising a polymerase domain joined to a sequence- 
non-specific double-stranded nucleic acid binding domain. Typically the presence of the 
sequence non-specific double-stranded nucleic acid binding domain enhances the 

30 processivity of the polymerase compared to an identical protein not having a sequence-non- 
specific nucleic acid binding domain joined thereto. 

[0008] The polymerase domain can be thermally stable, e.g., a Thermus polymerase 
domain such as a ATaq polymerase domain, or a Pyrococcus polymerase domain. 
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[0009] In one mibodiment the sequence-non-specific nucleic-acid-binding domain 
specifically binds to polyclonal antibodies generated against either Sac7d or Sso7d. 
Alternatively, the sequence-non-specific nucleic-acid-binding domain contains a 50 amino 
acid subsequence containing 50% amino acid similarity to Sso7d. Typically, the sequence- 
5 non-specific nucleic-acid-binding domain is Sso7d or specifically binds to polyclonal 
antibodies generated against Sso7d. 

[0010] The polymerase reaction can be pa-formed on a target nucleic acid that is present in 
a crude preparation of a sample. In another embodiment, the polymerase reaction is 
performed in the presence of a molecule that typically inhibits polymerases, e.g. fluorescent 
10 dyes such as SYBR Green I. Further, the polymerase may be used in cycle sequenc'mg 

reactions to obtain longer sequences, e.g., through regions of secondary structure that prevent 
sequmcing using unmodified polymerases. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [001 1] Figures 1 A and 1 B show the results of a PGR reaction performed in the presence of 
contaminants using an improved polymerase. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

20 [0012] "Archaeal small basic DNA-binding protein" refers to protein of between 50-75 
amino acids having either 50% homology to a natural Archaeal small basic DNA-binding 
protein such as Sso-7d from Sulfolobus sulfataricus or binds to antibodies generated against a 
native Archaeal small basic DNA-binding protein. 

[0013] "Domain" refers to a unit of a protein or protein complex, comprising a polypeptide 
25 subsequence, a complete polypeptide sequence, or a plurality of polypeptide sequences where 
that unit has a defined function. The function is understood to be broadly defined and can be 
ligand binding, catalytic activity or can have a stabilizing effect on the structure of the 
protein. 

[0014] "Efficiency^' in the context of a nucleic acid modifying enzyme of this invention 
30 refers to the ability of the enzyme to perform its catalytic function under specific reaction 
conditions. Typically, "efficiency" as defined herein is indicated by the amount of product 
generated under given reaction conditions. 

[0015] "Enhances" in the context of an enzyme refers to improving the activity of the 
enzyme, /.e., increasing the amount of product per imit enzyme per unit time. 
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[001 6] *Tused" refers to linkage by co valent bonding. 

[0017] **Heterologous", when used with reference to portions of a protein, indicates that the 
protein comprises two or more domains that are not found in the same relationship to each 
other in nature. Such a protein, e,g,, a fusion protein, contains two or more domains from 
S unrelated proteins arranged to make a new functional protein. 

[0018] "Join" refers to any method known in the art for functionally connecting protein 
domains, including without limitation recombinant fusion with or without intervening 
domains, intein-mediated fusion, non-covalent association, and covalent bonding, including 
disulfide bonding; hydrogen bonding; electrostatic bonding; and conformational bonding, 
10 e,g., antibody-antigen, and biotin-avidin associations. 

[0019J "Nucleic-acid-modifying enzyme" refers to an enzyme that covalently ahers a 
nucleic acid. 

[0020] "Polymerase" refers to an enzyme that performs template-directed synthesis of 
polynucleotides. The term, as used herein, also refers to a domain of the polymerase that has 
1 5 catalytic activity. 

[0021] "Error-correcting activity" of a polymerase or polymerase domain refers to the 3' to 
5' exonuclease proofreading activity of a template-specific nucleic acid polymerase whereby 
nucleotides that do not form Watson-Crick base pairs with the template are removed from the 
3' end of an oligonucleotide, i.e., a strand being synthesized from a template, in a sequential 

20 manner. Examples of polymerases that have error-correcting activity include polymerases 
from Pryococcus furiosus, Thermococcus litoralis, and Thermotoga maritima, 
[0022] Processivity refers to the ability of a nucleic acid modifying enzyme to remain 
bound to the template or substrate and perform multiple modification reactions. Processivity 
is measured by the number of catalytic events that take place per binding event. 

25 [0023] "Sequence-non-specific nucleic-acid-binding domain" refers to a protein domain 
which binds with significant affinity to a nucleic acid, for which there is no known nucleic 
acid which binds to the protein domain with more than 100-fold more affinity than another 
nucleic acid with the same nucleotide composition but a different nucleotide sequence. 
[0024] •Thermally stable polymerase" as used herein refers to any enzyme that catalyzes 

30 polynucleotide synthesis by addition of nucleotide units to a nucleotide chain using DNA or 
RNA as a template and has an optimal activity at a temperature above 45°C. 
[0025] *'Thermus polymerase" refers to a family A DNA polymerase isolated from any 
Thermus species, including without limitation Thermus aquaticus, Thermus brockianus, and 
Thermus thermophilus; any recombinant enzymes deriving from Thermus species, and any 



4 



wo 03/046149 PCTAJS02/38441 

functional derivatives thereof, whether derived by genetic modification or chemical 
modification or other methods known in the art. 

[0026] The term "amplification reaction" refers to any in vitro means for multiplying the 
copies of a target sequence of nucleic acid. Such methods include but are not limited to 
5 polymerase chain reaction (PGR), DNA ligase reaction {see U.S. Patents 4,683,195 and 
4,683,202; PCR Protocols: A Guide to Methods and Applications (Innis et ai, eds, 1990)), 
(LCR), QBeta RNA rq)licase, and RNA transcription-based (such as TAS and 3SR) 
amplification reactions as well as others known to those of skill in the art. 
[0027] "Amplifying" refers to a step of submitting a solution to conditions sufficient to 

10 allow for amplification of a polynucleotide if all of the components of the reaction are intact 
Components of an amplification reaction include, e.g., primers, a polynucleotide template, 
polymerase, nucleotides, and the like. The term "amplifying" typically refers to an 
"exponential" increase in target nucleic acid. However, "amplifying" as used herein can also 
refer to linear increases in the numbers of a select target sequence of nucleic acid. 

15 [0028] The term "amplification reaction mixture" refers to an aqueous solution comprising 
the various reagents used to amplify a target nucleic acid. These include enzymes, aqueous 
buffers, salts, amplification primers, target nucleic acid, and nucleoside triphosphates. 
Depending upon the context, the mixture can be either a complete or incomplete 
amplification reaction mixture 

20 [0029] *Tolymerase chain reaction" or "PCR" refers to a method whereby a specific 
segment or subsequence of a target double-stranded DNA, is amplified in a geometric 
progression. PCR is well known to those of skill in the art; see, e.g., U.S. Patents 4,683,195 
and 4,683,202; and PCR Protocols: A Guide to Methods and Applications, Innis et al., eds, 
1990. Exemplary PCR reaction conditions typically comprise either two or three step cycles. 

25 * Two step cycles have a denaturation step followed by a hybridization/elongation step. Three 
step cycles comprise a denaturation step followed by a hybridization step followed by a 
separate elongation step. 

[0030] "Long PCR" refers to the amplification of a DNA firagment of 5 kb or longer in 
length. Long PCR is typically performed using specially-adapted polymerases or polymerase 
30 mixtures (see, e.g., U.S. Patent Nos. 5, 436,149 and 5,512,462) that are distinct firom the 
polymerases conventionally used to amplify shorter products. 

[0031] A "primer" refers to a polynucleotide sequence that hybridizes to a sequence on a 
target nucleic acid and serves as a point of initiation of nucleic acid synthesis. Primers can be 
of a variety of lengths and are often less than 50 nucleotides in length, for example 12-30 
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nucleotides, in imgth. The length and sequences of primers for use in PCR can be designed 
based on principles known to those of skill in the art, see, e.g,, Innis et al., supra, 
[0032] A temperature profile refers to the temperature and lengths of time of the 
denaturation, annealing and/or extension steps of a PCR or cycle sequencing reaction. A 
5 temperature profile for a PCR or cycle sequencing reaction typically consists of 10 to 60 
repetitions of similar or identical shorter temperature profiles; each of these shorter profiles 
may typically define a two step or three-step cycle. Selection of a tonperature profile is 
based on various considerations known to those of skill in the art, see, eg., Innis et al^ supra. 
In a long PCR reaction as described herein, the extension time required to obtain an 
10 amplification product of S kb or greater in length is reduced compared to conventional 
polymerase mixtures. 

[0033] PCR "sensitivity" refers to the ability to amplify a target nucleic acid that is present 
in low copy number. "Low copy number" refers to 10^, often 10^, 10^, 10^, or fewer, copies 
of the target sequence in the nucleic acid sample to be amplified. 
1 5 [0034] A "template" refers to a double stranded polynucleotide sequence that comprises the 
polynucleotide to be amplified, flanked by primer hybridization sites. Thus, a *target 
template" comprises the target polynucleotide sequence flanked by hybridization sites for a 5' 
prim^ and a 3' primer. 

[0035] An "improved polymerase" includes a sequence-non-specific double-stranded DNA 
20 binding domain joined to the polymerase or polymerase domain. An **unimproved 

polymerase" is a polymerase that does not have a sequence-non-specific double-stranded 
DNA binding domain. 

latroduction 

25 [0036] The current invention provides methods of performing polymerase reactions using 
improved polymerases. These polymerase reactions are typically more efficient and yield 
more product than traditional polymerases. These improved polymerases contain a 
polymerase domam with a binding domain joined to it. While the prior art taught that nucleic 
acid binding proteins can increase the binding affinity of enzymes to nucleic acid, the group 

30 of binding proteins having the ability to enhance the processive nature of the enzymes is of 
particular value. Not to be bound by theory, binding domains of the invention typically 
dissociate firom double-stranded nucleic acid at a very slow rate. Thus, they increase the 
processivity and/or efficiency of a modifying enzyme to which they are joined by stabilizing 
the enzyme-nucleic acid complex. Accordingly, this invention results firom the discovery that 



6 



wo 03/046149 



PCT/US02/38441 



DNA-binding domains can stabilize the double-stranded confonnation of a nucleic acid and 
increase the efficiency of a catalytic domain that requires a double-stranded substrate. 
Described herein are examples and simple assays to readily determine the improvement to the 
catalytic and/or processive nature of catalytic nucleic acid modifying enzymes, e,g., 
S polymerases. 

Polymerase Domains. 

[00371 DNA polymerases are well-known to those skilled in the art. These include both 
DNA-dqaendent polymerases and RNA-dependent polymerases such as reverse transcriptase. 

10 At least five families of DNA-dependent DNA polymerases are known, although most fall 
into families A, B and C. There is little or no structural or sequence similarity among the 
various families. Most family A polymerases are single chain proteins that can contain 
multiple enzymatic fimctions including polymerase, 3' to 5* exonuclease activity and 5' to 3' 
exonuclease activity. Family B polymerases typically have a single catalytic domain with 

15 polymerase and 3' to 5' exonuclease activity, as well as accessory factors. Family C 

polymerases are typically multi-subunit proteins with polymerizing and 3' to 5* exonuclease 
activity. In E. colU three types of DNA polymerases have been found, DNA polymerases I 
(family A), II (family B), and III (family C). In eukaryotic cells, three different family B 
polymerases, DNA polymerases a, 5, and e, are implicated in nuclear replication, and a 

20 family A polymerase, polymerase y, is used for mitochondrial DNA replication. Other types 
of DNA polymerases include phage polymerases. 

[00381 Similarly, RNA polymerases typically include eukaryotic RNA polymerases I, II, 
and III, and bacterial RNA polymerases as well as phage and viral polymerases. RNA 
polymerases can be DNA-dependent and RNA-dependent. 

25 [0039] In one embodiment, polymerase domains that have an error-correcting activity are 
used as the catalytic domain of the improved polymerases described herein. These 
polymerases can be used to obtain long, z.e., 5 kb, often 10 kb, or greater in length, PGR 
products. "Long PGR" using these improved polymerases can be performed using extension 
times that are reduced compared to prior art "long PGR" polymerase and/or polymerase 

30 mixtures. Extension times of less than 30 seconds per kb, often 1 5 seconds per kb, can be 
used to amplify long products in PGR reactions using the improved polymerases. 
Furthermore, these modified polymerases also exhibit increased sensitivity. 
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[0040] Prior-art non-error-correcting polymerases such as Taq polymerase are capable of 
amplifying DNA from very small input copy concentrations, such as, in the extreme, 10 
copies per ml However, because of the low fidelity of such polymerases, products cloned 
from such amplifications are likely to contain introduced mutations. 
5 [0041] Prior-art error-correcting polymerases such as Pfii copy DNA with higher fidelity 
than Taq, but are not capable of amplifying DNA from small input copy concentrations. The 
hybrid error-correcting polymerases of the invention exhibit much higher processivity while 
retaining error-correcting activity and thereby provide both sensitivity and fidelity in 
amplification reactions. 

1 0 [0042] The activity of a polymerase can be measured using assays well known to those of 
skill in the art. For example, a processive enzymatic activity, such as a polymerase activity, 
can be measured by determining the amount of nucleic acid synthesized in a reaction, such as 
a polymerase chain reaction. In determining the relative efficiency of the enzyme, the 
amount of product obtained with a polymerase containing a sequence-non-specific double- 

15 stranded DNA binding domain can then be compared to the amount of product obtained with 
the normal polymerase enzyme, which will be described in more detail below and in the 
Examples. 

[0043] A polymerase domain suitable for use in the invention can be the enzyme itself or 
the catalytic domain, e.g.y Taq polymerase or a domain of Taq with polymerase activity. The 
20 catalytic domain may include additional amino acids and/or may be a variant that contains 
amino acid substitutions, deletions or additions, but still retains enzymatic activity. 

Sequence-Non-Specific Nucleic-Acid-Binding Domain 

[0044] A double-stranded sequence-non-specific nucleic acid binding domain is a protein 
25 or defmed region of a protein that binds to double-stranded nucleic acid in a sequence- 
independent manner, i.e., binding does not exhibit a gross preference for a particular 
sequence. Typically, double-stranded nucleic acid binding proteins exhibit a 10-fold or 
higher affinity for double-stranded versus single-stranded nucleic acids. The double-stranded 
nucleic acid binding proteins in particular embodiments of the invention are preferably 
30 thermostable. Examples of such proteins include, but are not limited to, the Aichaeal small 
basic DNA binding proteins Sac7d and Sso7d (see, e.g,, Choli et al, Biochimica et 
Biophysica Acta 950:193-203, 1988; Baumann etal. Structural Biol 1:808-819, 1994; and 
Gao et al. Nature Struc. Biol. 5:782-786, 1998), Archael HMf-like proteins {see, e.g., Starich 
et aL, J. Molec. Biol. 255:187-203, 1996; Sandman et aL, Gene 150:207-208, 1994), and 
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PCNA homologs {see, e.g., Cann etal., J, Bacteriology 181:6591-6599, 1999; Shamoo and 
Steitz, Ce//:99, 155-166, 1999; De Felice e/ a/../ M?/ec. AW. 291, 47-57, 1 999; and Zhang 
et al. Biochemistry 34:10703-10712, 1995). 

5 Sso7d and Sac7d 

[0045] Sso7d and Sac7d are small (about 7,000 kd MW), basic chromosomal proteins from 
the hyperthmnophilic archaeabacteria Sulfolobus solfataricus and S. acidocaldarius, 
respectively. These proteins are lysine-rich and have high thamal, acid and chemical 
stability. They bind DNA in a sequence-independent manner and when bound, increase the 
10 Tm of DNA by up to 40° C under some conditions (McAfee et al. Biochemistry 34:1 0063- 
10077, 1995). These proteins and their homologs are typically believed to be involved in 
packaging genomic DNA and stabilizing genomic DNA at elevated temperatures. 

HMF-like proteins 

1 5 [0046] The HMf-like proteins are archaeal histones that share homology both in amino acid 
sequences and in structure with eukaryotic H4 histones, which are thought to interact directly 
with DNA. The HMf family of proteins form stable dimers in solution, and several HMf 
homologs have been identified from thermostable species (e.g., Methanothermus fervidus and 
Pyrococcus strain GB-3a). The HMf family of proteins, once joined to Taq DNA polymerase 

20 or any DNA modifying enzyme with a low intrinsic processivity, can enhance the ability of 
the enzyme to slide along the DNA substrate and thus increase its processivity. For example, 
the dimeric HMf-like protein can be covalently linked to the N terminus of Taq DNA 
polymerase, e.g., via chemical modification, and thus improve the processivity of the 
polymerase. 

25 

PCNA homologs 

[0047] Many but not all family B DNA polymerases interact with accessory proteins to 
achieve highly processive DNA synthesis. A particularly important class of accessory 
proteins is referred to as the sliding clamp. Several characterized sliding clamps exist as 
30 trimers in solution, and can form a ring-like structure with a central passage capable of 
accommodating double-stranded DNA. The sliding clamp forms specific interactions with 
the amino acids located at the C terminus of particular DNA polymerases, and tethers those 
polymerases to the DNA template during replication. The sliding clamp in eukarya is 
referred to as the proliferating cell nuclear antigen (PCNA), while similar proteins in other 
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domains are often referred to as PCNA homologs. These tiomologs have marked structural 
similarity but limited sequence similarity. 

[0048J Recently, PCNA homologs have been identified from thermophilic Archaea (e.g., 
Sulfalobus sofataricuSy Pyroccocus furiosuSy etc.). Some family B polymerases in Archaea 
have a C terminus containing a consensus PCNA-interacting amino acid sequence and are 
capable of using a PCNA homolog as a processivity factor (see, e.g., Cann et al, J, Bacteriol. 
181:6591-6599, 1999 and De Felice era/.,/. Mol Biol 291:47-57, 1999). These PCNA 
homologs are useful sequence-non-specific double-stranded DNA binding domains for the 
invention. For example, a consensus PCNA-interacting sequence can be joined to a 
polymerase that does not naturally interact with a PCNA homolog, thereby allowing a PCNA 
homolog to serve as a processivity factor for the polymerase. By way of illustration, the 
PCNA-interacting sequence firom Pyrococcus furiosus Poll! (a heterodimeric DNA 
polymerase containing two family B-like polypeptides) can be covalently joined to 
Pyrococcus Juriosus Poll (a monomeric family B polymerase that does not normally interact 
with a PCNA homolog). The resulting fusion protein can then be allowed to associate non- 
covalently with the Pyrococcus furiosus PCNA homolog to generate a novel heterologous 
protein with increased processivity relative to the unmodified Pyrococcus furiosus Poll. 

Other sequence-nonspecific double-stranded nucleic acid binding domains 
[0049] Additional nucleic acid binding domains suitable for use in the mvention can be 
identified by homology with known sequence non-specific double-stranded DNA binding 
proteins and/or by antibody crossreactivity, or may be found by means of a biochemical 
assay. These methods are described, e.g., in WOOl/92501. Further, methods of joining^the 
polymerase to the sequence non-specific double-stranded DNA binding protein and methods 
of expressing recombinant polymerases and polymerase fusion proteins are also described 
{see. e.g.. WOOl/92501). 

Assays To Determine Improved Activity of Polymerase Domains. 
[OOSO] Activity of the polymerase domain can be measured using a variety of assays that 
can be used to compare processivity or modification activity of a modifying protein domain 
joined to a binding domain compared to the protein by itself. Improvement in activity 
includes both increased processivity and increased efficiency. 

(00511 Polymerase processivity can be measured in variety of methods known to those of 
ordinary skill in the art. Polymerase processivity is generally defined as the number of 
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nucleotides incorporated during a single binding event of a modifying ^izyme to a primed 
template. 

[0052] For example, a 5 ' FAM-labeled primer is annealed to circular or linearized 
ssM13mpl 8 DNA to form a primed template. In measuring processivity, the primed 
S t^plate usually is present in significant molar excess to the enzyme or catalytic domain to 
be assayed so that the chance of any primed template being extended more than once by the 
polymerase is minimized. The primed template is therefore mixed with the polymerase 
catalytic domain to be assayed at a ratio such as approximately 4000:1 (primed DNArDNA 
polymerase) in the presence of buffer and dNTPs. MgCh is added to initiate DNA synthesis. 

10 Samples are quenched at various times after initiation, and analyzed on a sequencing gel. At 
a polymerase concentration where the median product length does not change with time or 
polymerase concentration, the length corresponds to the processivity of the enzyme. The 
processivity of a protein of the invention, /.e., a protein that contains a sequence non-specific 
double-stranded nucleic acid binding domain fused to the catalytic domain of a processive 

15 nucleic acid modifying enzyme such as a polymerase, is then compared to the processivity of 
the enzyme without the binding domain. 

[0053] Enhanced efficiency can also be demonstrated by measuring the increased ability of 
an enzyme to produce product. Such an analysis measures the stability of the double- 
stranded nucleic acid duplex indirectly by determining the amount of product obtained in a 

20 reaction. For example, a PCR assay can be used to measure the amount of PCR product 
obtained with a short, e.g,^ 12 nucleotide in length, primer annealed at an elevated 
temperature, e,g,, 50^C. In this analysis, enhanced efficiency is shown by the ability of a 
polymerase such as a Taq polymerase to produce more product in a PCR reaction using the 
12 nucleotide primer annealed at 50°C when it is joined to a sequence-non-specific double- 

25 stranded nucleic-acid-binding domain of the invention, e.g., Sso7d, than Taq polymerase does 
alone. In contrast, a binding tract that is a series of charged residues, e.g. lysines, does not 
enhance processivity when joined to a polymerase. 

[0054] Assays such as salt sensitivity can also be used to demonstrate improvement in 
efficiency of a processive nucleic acid modifying enzyme of the invention. A modifying 
30 enzyme, or the catalytic domain, when fused to a sequence non-specific double-stranded 
nucleic acid binding domain of the invention exhibits increased tolerance to high salt 
concentrations, /.e., a processive enzyme with increased processivity can produce more 
product in higher salt concentrations . For example, a PCR analysis can be performed to 
determine the amount of product obtained in a reaction using a fiision Taq polymerase (e.g., 

11 
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Sso7d fused to Taq polymerase) compared to Taq polymerase in reaction conditions with 
high salt, e.g., 80 mM. 

[0055] Other methods of assessmg enhanced efficiency of the improved polymerases of the 
invention can be determined by those of ordinary skill in the art using standard assays of the 
enzymatic activity of a given modification enzyme. 
[0056] 

Uses of improved polymerases 

[0057] The invention provides improved methods of performing polymerase reactions. In 
one embodiment, the invention provides a method of performing a polymerase reaction in the 
presence of a fluorescent dye. A number of fluorescent dyes that are conunonly used in 
reactions such as real-time PCR, have an inhibitory activity on polymerases have been 
typically used in PCR, e.g., Taq polymerase. For example, SYBR Grera I (Molecular 
Probes, Eugene, OR; US Patents 5,436,134 and 5.658,751), is a fluorescent dye that is 
specific for dsDNA detection, and is widely used in real-time PCR reactions to monitor the 
generation of dsDNA through each cycle of amplification. Use of dyes to monitor 
amplification is described in US Patents 5,994,056 and 6,171,785 and use of SYBR Green I 
for this purpose is described in Morrison et aL, Biotechniques 24:954-962 (1998). 
[0058] It has been observed that the addition of SYBR Green I inhibits the activity of DNA 
polymerases used in PCR, possibly through interfering with the binding of the polymerase to 
the primer-template. Additives such as DMSO are therefore often required to reduce the 
inhibitory effect of the dye. However, DMSO can reduce the storage stability of the enzyme 
and can inhibit polymerases. The current invention provides a method of performing 
polymerase reactions in the presence of a fluorescent dye that uses the improved polymerases 
described herein, which are not as sensitive to the fluorescent dye, i.e., are not inhibited to the 
same extent, as an unimproved polymerase. 

[0059J The ability of a polymerase to perform in the presence of a dye that exhibits altered 
fluorescence emissions when bound to double-stranded DNA can be measured using well 
known polymerase assays, such as those described herein. Typically, a fluorescent dye 
reduces the activity of an unimproved polymerase by 25%, often 50%, 75%, or more. 
Polymerase activity can be assayed using the methods described herein. 
[0060] The ability of an improved polymerase to perform a PCR reaction in the presence of 
a fluorescent dye, e.g., SYBR Green I, can also be compared to the ability of the unimproved 
polymerase to perform in an otherwise identical PCR reaction. The comparison can be made 
using a values such as the cycle threshold (Q) value, which represents the number of cycles 



12 



wo 03/046149 



PCTAJS02/38441 



required to generate a detectable amount of DNA. An efficient polymerase-may be able to 
produce a detectable amount of DNA in a smaller number of cycles by more closely 
approaching the theoretical maximum amplification efficiency of PCR. Accordingly,, a 
lower Ct value reflects a greater amplification efficiency for the enzyme. The improved 
5 enzymes exhibit 2x, often 5x, or greater activity in the presence of a fluorescent dye when 
compared to the unimproved enzyme. 

[0061] In typical enbodiments, the polymerase reaction is performed in the presence of a 
fluorescent dye such as S YBR Green I or Pico Green I (Molecular Probes, Eugene, OR;). 
These dyes are unsymmetrical cyanine dyes containing a defined substituent on the 

1 0 pyridinium or quinolinium ring system or a substituent inunediately adjacent to the nitrogen 
atom of the pyridinium or quinolinium ring. These and other members of the same class of 
dyes are described, eg., in US Patent Nos. 5,436,134 and 5,658,751. SYBR Green I, for 
example, binds specifically to dsDNA with a dissociation constant in the sub-micromolar 
range. Upon binding, it has a large increase in its quantum yield and therefore a large 

1 5 increase in fluorescence. 

[0062] In other embodiments, the polymerase reactions of the invention can be performed 
in the presence of other fluorescent compounds that typically inhibit polymerases, such as 
other fluorescent dyes, e.g., propidium iodide, ethidium bromide, acridines, proflavine, 
acridine orange, acriflavine, fluorcoumanin, ellipticine, daunomycin, chloroquine, distamycin 

20 D, chromomycin, mithramycin, ruthenium polypyridyls, and anthramycin, which also exhibit 
altered fluorescence anissions when bound to double-stranded DNA. Improved polymerases 
can be tested for resistance to other dyes using methodology well known in the arts and 
described herein (see, e.g., Example 6). 

[0063] In another embodiment, the invention provides method of performing a polymerase 
25 reaction, e.g., a PCR reaction, in the presaice of contaminants such as those present when 
using a crude nucleic acid sample. Inhibitors of polymerase activity are often present in 
crude nucleic acid sample preparations, thus presenting difficulties in using such prq)arations 
in polymerase reactions such as PCR or nucleic acid sequence. The improved enzymes are 
more tolerant to such contaminants. Accordingly, the improved enzymes offer advantages 
30 over standard enzymes when performing polymerase reactions, e.g. PCR, using crude nucleic 
acid preparations. These preparations can be fix)m a variety of sources, including cells such 
as bacterial cells, plant cells, and various other cell types. 

[0064] A crude nucleic acid sample typically includes contaminants that originate fi-om the 
nucleic acid source or fi-om a previous chemical or molecular biological manipulation. The 
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improved polymerases are less sensitive to the presence of such contaminants. As noted 
above, polymerase activity assays can be perfonned using methods described herein. An 
improved polymerase typically exhibits 2x, 5x, lOx, or greater activity relative to the 
unimproved polymerase when assayed in the presence of contaminants in an otherwise 
5 identical polymerase activity assay or PCR. An exemplary analysis of polymerase activity in 
crude preparations is provided in Example 7. Crude preparations typically are not processed 
through repeated rounds of purification and are typically less than 98% pure, often less than 
95% pure. 

[0065] The modified polymerase enzymes are also more resistant to common additives for 
10 troublesome PCR reactions such as Betaine, DMSO, as well as resistant to salt, e.g., KCl, etc. 
The improved polymerase typically exhibits 2x, 5x, lOx or greater activity relative to the 
unimproved polymerase in the presence of such agents. 

[0066] Improved polymerases can also be used in nucleic acid sequencing reactions. These 
reactions are well known to those of skill in the art (see, e.g., Sambrook and Russell, 

1 5 Molecular Cloning, A Laboratory Manual 3rd. 2001, Cold Spring Harbor Laboratory Press). 
[0067] Improved polymerases are particular advantageous when used in sequencing 
reactions, in particular sequencing reactions that use thermostable polymerases, such as cycle 
sequencing reactions. Cycle sequencing refers to a linear amplification DNA sequencing 
technique in which a single primer is used to generate labeled terminated firagments by the 

20 Sanger dideoxy chain termination method. Thermostable polymerase enzymes are employed 
in such reactions. 

[0068] Thermostable polymerases such as Taq or Pfu catalyze the incorporation of ddNTPs 
at a rate that is at least two orders of magnitude slower than the rate of incorporation of 
dNTPs. In addition, the efBciency of incorporation of a ddNTP at a particular site is affected 

25 by the local sequence of the template DNA. Modified version of polymerases that lack 5* to 
3' exonuclease activity and catalyze incorporation of ddNTPs with high efficiency have been 
developed; however, their processivity is often poor. For example, thermostable enzymes are 
such as ATaq derivatives, which have Taq polymerase's 5*-3* nuclease domain removed, 
have a processivity of about 2 bases. Also, in the case of dye terminator-sequencing, dITP is 

30 used in place of dGTP, which causes polymerase pausing and dissociation at G nucleotides. 
These enzymes therefore produce a large number of sequence products that are improperiy 
terminated. Furthermore, if a polymerase dissociates during primer extension of a template 
containing a repeat unit {e.g, a triplet repeat) or secondary structure (e.g., a stem and loop) 
such that the strand is not completed during a particular PCR cycle, the 3' end can denature 
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and reanneal during a subsequent PCR cycle so as to prime at a different location on the 
template — for example, in the case of a repeat, the reannealing could occur at a different 
repeat; or in the case of secondary structure, improper reannealing could delete out a section 
of the template. Thus, dissociation of the polymerase is also a problem. 
S [0069] The use of improved polymerases as described herein can provide enhanced 
sequencing reactions, e.g., cycle sequencing reactions, in which there are fewer improper 
terminations and fewer dissociation events. This provides longer sequence reads, i.e., the 
number of nucleotides for which the sequence can be determined, that contain fewer 
ambiguities compared to reaction performed with unimproved enzymes. 
1 0 [0070] The polymerases are typically modified to substitute a Y residue for an F residue 
(US Patent No. 5,614,365). 

[0071] All publications, patents, and patent applications cited in this specification are 
herein incorporated by reference as if each individual publication or patent application were 

1 5 specifically and individually indicated to be incorporated by reference. 

[0072] Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily apparent to 
those of ordinary skill in the art in light of the teachings of this invention that certain changes 
and modifications may be made thereto without departing fix)m the spirit or scope of the 

20 appended claims. 

EXAMPLES 

[0073] The following examples are provided by way of illustration only and not by way of 
limitation. Those of skill will readily recognize a variety of non-critical parameters that 
25 could be changed or modified to yield essentially similar results. 

Example 1. Construction of fiision proteins. 
Construction of Sso7d'ATag fusion. 

[0074] The following example illustrates the construction of a polymerase protein 
30 possessing enhanced processivity, in which the sequence-non-specific double-stranded 

nucleic acid binding protein Sso7d is fiised to the Thermus aquaticus Poll DNA polymerase 
(a family A polymerase known as Taq DNA polymerase) that is deleted at the N terminus by 
289 amino acids (ATaq). 
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[0075] Based on the published amino acid sequence of Sso7d, seven oligonucleotides were 
used in constructing a synthetic gene encoding Sso7d. The oligonucleotides were annealed 
and ligated using T4 DNA ligase. The final ligated product was used as the template in a 
PGR reaction using two terminal oligonucleotides as primers to amplify the full-length gene. 
5 By design, the resulting PGR fragment contains a unique EcoRI site at the 5' terminus, and a 
unique BstXI site at the 3' terminus. In addition to encoding the Sso7d protein, the above 
PGR fragment also encodes a peptide linker with the amino acid sequence of Gly-Gly-Val- 
Thr positioned at the G terminus of the Sso7d protein. The synthetic gene of Sso7d has the 
DNA sequence shown in SEQ ID N0:1, and it encodes a polypeptide with the amino acid 
1 0 sequence shown in SEQ ED N0:2. 

[0076] The synthetic gene encoding Sso7d was then used to generate a fusion protein in 
which Sso7d replaces the first 289 amino acid of Taq. The fragment encoding Sso7d was 
subcloned into a plasmid encoding Taq polymerase to generate the fusion protein, as follows. 
Briefly, the DNA fragment containing the synthetic Sso7d gene was digested with restriction 
1 5 endonucleases EcoRI and BstXI, and ligated into the corresponding sites of a plasmid 
encoding Taq. As the result, the region that encodes the first 289 amino acid of Taq is 
replaced by the synthetic gene of Sso7d. This plasmid (pYWl) allows the expression of a 
single polypeptide containing Sso7d fused to the N terminus of ATaq via a synthetic linker 
composed of Gly-Gly-Val-Thr. The DNA sequence encoding the fusion protein (Sso7d- 
20 ATaq) and the amino acid sequence of the protein are shown in SEQ ID N0s:3 and 4, 
respectively. 

Construction of Sso7d-Taq fusion. 

[0077] An Sso7d/fulHength Taq fusion protein was also constructed. Briefly, a 1 kb PGR 
fragment encoding the first 336 amino acids of Taq polymerase was generated using two 
primers. The 5' primer introduces a Spel site into the 5' terminus of the PGR fi^igment, and 
the 3* primer hybridizes to nucleotides 1008-1026 of the Taq gene. The fragment was 
digested with Spel and BstXI, releasing a 0.9 kb fragment encoding the first 289 amino acids 
of Taq polymerase. The 0.9 kb fragment was ligated into plasmid pYWl at the Spel (located 
in the region encoding the linker) and BstXI sites. The resulting plasmid (pYW2) allows the 
expression of a single polypeptide containing the Sso7d protein fused to the N terminus of the 
frill length Taq DNA polymerase via a linker composed of Gly-Gly-Val-Thr, the same as in 
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Sso7d-ATaq. The DNA sequence encoding the Sso7d-Taq fusion protein and the amino acid 
sequence of the protein are shown in SEQ ID. N0.5 and N0.6, respectively. 

Construction of Pfii-SsoJd Jusion, 
5 [0078] A third fusion protein was created, joining Sso7d to the C terminus of Pyrococcus 
Juriosus DNA poll (a family B DNA polymerase known as Pfii). A pET-based plasmid 
carrying the Pfu DNA polymerase gene was modified so that a unique Yjprl site and a unique 
Spel site are introduced at the 3' end of the Pfu gene before the stop codon. The resulting 
plasmid (pPFKS) expresses a Pfu polymerase with three additional amino acids (Gly-Thr- 

1 0 His) at its C terminus. 

[0079] Two primers were used to PCR amplify the synthetic Sso7d gene described above to 
introduce a Kpn I site and a Nhel site flanking the Sso7d gene. The 5' primer also introduced 
six additional amino acids (Gly-Thr-Gly-Gly-Gly-Gly), which serve as a linker, at theN 
terminus of the Sso7d protein. Upon digestion with Kpnl and Nhel, the PCR ftagment was 

1 5 ligated into pPFKS at the corresponding sites. The resulting plasmid (pPFS) allows the 
expression of a single polypeptide containing Sso7d protein fused to the C terminus of the 
Pfu polymerase via a peptide linker (Gly-Thr-Gly-Gly-Gly-Gly). The DNA sequence 
encoding the fusion protein (Pfu-Sso7d) and the amino acid sequence of the fusion protein 
are shown in SEQ ID NOs: 7 and 8, respectively. 

20 

Construction of Sac7d-ATaq fusion. 

[0080] A fourth fusion protein was constructed, which joined a sequence-non-specific 
DNA binding protein firom a different species to ATaq. Two primers were used to PCR 
amplify the Sac7d gene fi-om genomic DNA of Sulfolobus acidocaldarius. The primers 

25 introduced a unique EcoRI site and a unique Spel site to the PCR fi-agment at the 5 ' and 3 ' 
termini, respectively. Upon restriction digestion with EcoRI and Spel, the PCR firagment was 
ligated into pYWl (described above) at the corresponding sites. The resulting plasmid 
expresses a single polypeptide containing the Sac7d protein fused to the N terminus of ATaq 
via the same linker as used in Sso7d-ATaq. The DNA sequence of the fusion protein (Sac7d- 

30 ATaq) and the amino acid sequence of the protein are shown in SEQ ED. NOs: 9 and 10, 
respectively. 



17 



wo 03/046149 



PCT/US02/38441 



Construction of PL-ATaq fusion, 

[0081] A fifth fusion protein joins a peptide composed of 14 lysines and 2 arginines to the 
N terminus of ATaq. To generate the polyiysine (PL)-ATaq fusion protein, two 67 nt 
oligonucleotides were annealed to form a duplexed DNA fragment with a 5' protruding end 
5 compatible with an EcoRI site, and a 3' protruding end compatible with an Spel site. The 
DNA fragment encodes a lysine-rich peptide of the following composition: 
NSKKKKKKKRKKRKKKGGGVT. The numbers of lysines and arginines in this peptide 
are identical to those in Sso7d. This DNA fragment was ligated into pYWl, predigested with 
EcoRI and Spel, to replace the region encoding Sso7d. The resulting plasmid (pLST) 
10 expresses a single polypeptide containing the lysine-rich peptide fused to the N terminus of 
ATaq. The DNA sequence encoding the fusion protein (PL-ATaq) and the amino acid 
sequence of the protein are shown in SEQ ID NOs: 1 1 and NO. 12, respectively. 

Example 2. Assessing the processivitv of the fusion polymerases. 
1 5 [0082] This example illustrates enhancement of processi vi ty of the fusion proteins of the 
invention generated in Example 1 . 
Polymerase unit definition assay 

[0083] The following assay was used to defme a polymerase unit. An oligonucleotide was 
pre-annealed to ssM13mpl8 DNA in the presence of Mg'^-free reaction buffer and dNTPs. 

20 The DNA polymerase of interest was added to the primed DNA mixture. MgCb was added 
to initiate DNA synthesis at IT'C. Samples were taken at various time points and added to 
TE buffer containing PicoGreen (Molecular Probes, Eugene Oregon). The amount of DNA 
synthesized was quantified using a fluorescence plate reader. The unit activity of the DNA 
polymerase of interest was detennined by comparing its initial rate with that of a control 

25 DNA polymerase (eg. , a commercial polymerase of known unit concentration). 
Processivity assay 

[0084] Processivity was measured by determining the number of nucleotides incorporated 
during a single binding event of the polymerase to a primed template. 
[0085] Briefly, 40 nM of a 5 ' FAM-labeled primer (34 nt long) was annealed to 80 nM of 
30 circular or linearized ssM13mpl 8 DNA to form the primed template. The primed template 
was mixed with the DNA polymerase of interest at a molar ratio of approximately 4000:1 
(primed DNAiDNA polymerase) in the presence of standard PGR buffer (firee of Mg'^and 
200 of each dNTPs. MgCh was added to a final concentration of 2 mM to initiate DNA 
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synthesis. At various times after initiation, samples were quenched with sequencing loading 
dye containing 99% formamide, and analyzed on a sequencing gel. The median product 
length, which is defined as the product length above or below which there are equal amounts 
of products, was determined based on integration of all detectable product peaks. At a 
5 polymerase concentration for which the median product length change with time or 

polymerase concentration, the length corresponds to the processivity of the enzyme. The 
ranges presented in Table 1 represent the range of values obtained in several repeats of the 
assay. 



Table 1 . Comparison of processivity 



DNA polymerase 


Median product length (nt) 


ATaq 


2-6 


Sso7d-ATaq 


39-58 


PL-ATaq 


2-6 


Taq 


15-20 


Sso7d-Taq 


130-160 


Pfu 


2-3 


Pfu-Sso7d 


35-39 



10 

[0086] In comparing the processivity of modified enzyme to the unmodified enzyme, ATaq 
had a processivity of 2-6 nucleotides, whereas Sso7d-ATaq fusion exhibited a processivity of 
39-58 nucleotides (Table I). Full length Taq had a processivity of 15-20 nucleotides, which 
was significantly lower than that of Sso7d-Taq fiision with a processivity of 130-160 
1 5 nucleotides. These results demonstrate that Sso7d joined to Taq polymerase enhanced the 
processivity of the polymerase. 

[0087J Pfu belongs to family B of polymerases. Unlike Taq polymerase, Pfii possesses a 3' 
to 5' exonuclease activity, allowing it to maintain high fidelity during DNA synthesis. A 
modified Pfu polymerase, in which Sso7d is fused to the C terminus of the full length Pfii 
20 polymerase, and an unmodified Pfu polymerase were analyzed in the processivity assay 

described above. As shown in Table I, the Pfu polymerase exhibited a processivity of 2-3 nt, 
whereas the Pfu-Sso7d fusion protein had a processivity of 35-39 nt. Thus, the fusion of 
Sso7d to the C terminus of Pfii resulted in a >1 0-fold enhancement of the processivity over 
the unmodified enzyme. 

25 
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Example 3. Effect of fusion proteins on oligonucleotide annealing temperature 

[0088] This experiment demonstrates the increased efficiency of the Sso7d-ATaq fusion 

protein, compared to Taq, to produce product at higher annealing temperatures by stabilizing 

dsDNA. 

[0089] Two primers, primer 1008 (19mer, Tm =56.4^C) and 2180R (20mer. Tm =56,9^C). 
were used to amplify a 1 kb fragment (1008-2180) of the Taq pol gene. A gradient thermal 
cycler (MJ Research, Waltham MA) was used to vary the annealing temperature ftom 50*^C 
to 72*^0 in a PGR cycling program. The amounts of PGR products genarated using identical 
number of units of Sso7d-ATaq and Taq were quantified and compared. The results are 
shown in Table 2. The Sso7d-ATaq fusion protein exhibited significantly higher efficiency 
than full length Taq at higher annealing temperatures. Thus, the presaice of Sso7d in cis 
increases the melting temperature of the primer on the template. 

[0090] The aimealing temperature assay above was used to investigate whether PI^ATaq 
has any effect on the annealing temperature of primer during PGR amplification. As shown in 
Table 2 little or no amplified product was observed when the annealing temperature was at or 
above fiS^'G. 

Table 2, Gomparison of activities at different annealing temp eratures. 



Polymerase 


Activity 
at 63°C 


Activity 

at 66''C 


Activity 
at 69°C 


Taq 


85% 


30% 


<10% 


Sso7d-ATaq 


>95% 


70% 


40% 


PL-ATaq 


<5% 


nd 


nd 



nd: not detectable. 



Example 4. Effect of fusion proteins on required primer length 

[0091] An enhancement of Tm of the primers (as shown above) predicts that shorter 

primers could be used by Sso7d-ATaq, but not by Taq, to achieve efficient PGR 
amplification. This analysis shows that Sso7d-ATaq is more efficient in an assay using 
shorter primers compared to Taq. 

[0092] Primers of different lengths were used to compare the efficiencies of PGR 
amplification by Sso7d-ATaq and by Taq. The results are shown in Table 3. When two long 
primers, 57F (22mer, Tm =58°G) and 732R (24mer, Tm =57^) were used, no significant 
difference was observed between Sso7d-ATaq and Taq at either low or high annealing 
temperatures. When medium length primers, 57F15 (ISmer, Tm ^BS^'C) and 732R16 (16mer, 
Tm=35°G), were used, Sso7d-ATaq was more efficient than Taq, especially when the 
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annealing temperature was high. The most striking difference between the two enzymes was 
observed with short primers, 57F12 (12mer) and 732R16 (16mer), where Sso7d-ATaq 
generated 10 times more products than Taq at both low and high annealing temperatures. 
[0093] PGR using primers 57F12 (12 nt) and 732R16 (16 nt) were used to compare the 
5 efficiency of Sac7d-ATaq to the unmodified full length Taq in PGR reaction. Similar to 
Sso7d-ATaq, Sac7d-ATaq is significantly more efficient than Taq in amplifying using short 
primers. 

[0094] A primer length assay was used to determine the ability of PL-ATaq to use short 
primers in PGR amplification. When long primers (57F and 732R) were used, the amphfied 
1 0 product generated by PL-ATaq is -50% of that by Sso7d-ATaq. When short primers (57F12 
and 732R16) were used, the amplified product generated by PL-ATaq is <20% of that by 
Sso7d-ATaq . 

Table 3. Gomparison of the effect of primer length on PGR amplification by Sso7d-ATaq 
1 S and Taq DNA polymerase. 



polymerase 


22 nt primer 


IS nt primer 


12 nt primer 


Anneal 

@55°C 


Anneal 

@63°C 


Anneal 
@49°C 


Anneal 
@54''C 


Anneal 
@49°C 


Anneal 
@54°C 


Taq 


14000 


9000 


5500 


<500 


1000 


undetectable 


Sso7d-ATaq 


17000 


13000 


15000 


5000 


10000 


3000 


Sso7d-ATaq:Taq 


1.2:1 


1.4:1 


2.7:1 


>10:1 


10:1 


>10:1 



Increased performance of fusion polymerases in PGR reactions 

20 [0095] The increased stability and/or processivity of the fusion proteins of the invention 
provide increased efficiency in performing various modification reactions. For example, 
polymerase fusion proteins can provide more efficient amplification in PGR reactions. Many 
factors influence the outcome of a PGR reaction, including primer specificity, efficiency of 
the polymerase, quality, quantity and GG-content of the template, length .of the amplicon, etc. 

25 Examples 5-8 demonstrate that fusion proteins that include a double*stranded sequence-non- 
specific nucleic acid binding domain, e,g,, Sso7d, joined to a thermostable polymerase or 
polymerase domain have several advantageous features over the unmodified enzyme in PGR 
applications. 
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Example 5, Sso7d fusion proteins exhibit a higher and broader salt-tolerance in PCR 
[0096] The binding of polymerase to a primed DNA template is sensitive to the ionic 
strength of the reaction bufTer due to electrostatic interactions, which is stronger in low salt 
concentration and weaker in high. The presence of Sso7d in a fusion polymerase protein 
5 stabilizes the binding interaction of the polymerase to DNA template. This example 
demonstrates that Sso7d fusion proteins exhibit improved performance in PCR reactions 
containing elevated KCl concentrations. 

[0097] Lambda DNA (2 pM) was used as a template in a PCR reactions with primers 57F 
and 732R The concentration of KCl was varied from 10 mM to 150 mM, while all other 

1 0 components of the reaction buffer were unchanged. The PCR reaction was carried out using 
a cycling program of 94*'C for 3 min, 20 cycles of 94®C for 30 sec, 55**C for 30 sec, and 72**C 
for 30 sec, followed by 72®C for 10 min. Upon completion of the reaction, 5 |il of the PCR 
reaction was removed and mixed with 195 \il of 1 :400 dilution of PicoGreen in TE to 
quantify the amounts of amplicon generated. The PCR reaction products were also analyzed 

1 5 in parallel on an agarose gel to verify that amplicons of expected length were generated (data 
not shown). The effects of KCl concentration on the PCR efficiency of Sso7d-ATaq versus 
that of ATaq, and Pfu-Sso7d versus Pfu are shown in Table 4. The unmodified enzymes, 
ATaq and Pfu, showed a preference for KCl concentration below 25 mM and 40 mM, 
respectively, to maintain 80% of the maximum activity. In contrast, fusion proteins Sso7d- 

20 ATaq and Pfu-Sso7d maintain 80% of the maximum activity in 30-100 mM and 60-100 mM 
KCl, respectively. Thus, the Sso7d fusion proteins were more tolerant of elevated KCl 
concentration in comparison to their unmodified counter parts. This feature of the hybrid 
polymerase will potentially allow PCR amplification from low quality of DNA template, e.g,, 
DNA samples prepared from, but not limited to, blood, food, and plant sources. 

25 



Table 4. Sso7d modification increases salt-tolerance of polymerase in PCR reaction 



Enzyme 


Enzyme concentration 


[KCl] for 80% activity 


ATaq 


20U/ml 


<25 mM 


Sso7d-ATaq 


20U/ml 


30-100 mM 


Pfu 


3U/ml 


<40mM 


Pfu-Sso7d 


12U/ml* (equal molar) 


60-100 mM 



♦ Pfu-Sso7d has a 4-fold higher specific activity than Pfu. The specific activity is defined 
as unit/mol of enzyme. 
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Example 6. Sso7d-fusion polymerases are more tolerant to SYBR Green I in real-time PCR 
[0098] Three pairs of unmodified and modified enzymes were compared: commercial ATaq 
(ABI, Foster City, CA) vs. Sso7d-ATaq, Taq vs. Sso7d-Taq, and commercial Pfii (Stratagene, 
La JoUa CA) vs. Pfu-Sso7d. In addition to the 20U/ml concentration used for all enzymes, a 
5 S-fold higher concentration (100 U/ml) of ATaq and Pfu were used as well. The Ct values 
represent the number of cycles required to generate a detectable amount of DNA, and thus a 
lower Ct value reflects a greater ampliiication efficiency for the enzyme. Consistent Ct 
values are also preferable, indicating the reaction is robust to differences in dye 
concentration. Two extension times (10s and 30s) were used. The SYBR Green 1 

10 concentration is indicated as 0.5x, etc. The Ix SYBR Green I is defined as a SYBR Green I 
solution in TE (lOmM Tris pH 7.5, ImM EDTA) that has an absorbance at 495 nm of 
0.40+0.02. SYBR Green I was purchased from Molecular Probes (Eugene, Oregon) as a 
10,000x stock in DMSO. In all three pairs, the modified polymerase showed significantly 
higher tolerance of dye. The differences are most striking in the case of ATaq vs. Sso7d- 

15 ATaq. 



Table 5. Sso7d fusion proteins are more tolerant of SYBR Green I. (The symbol 

indicates that no amplification was observed in 40 cycles 
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Example 7. Sso7d-fiision polymerases are more tolerant to crude template preparations 

A, Resistance to bacterial contamination in PCR 
5 [0099J Colony PCR is a useful technique in which small samples of single bacterial 
colonies are lysed and added directly to PCR reactions for the purpose of screaiing the 
colonies for particular DNA sequences. Colony PCR has a high failure rate, presumably 
because of contaminants carries over from the colony. Polymerases resistant to cell extracts 
are desirable because they presumably will be more successful in colony PCR. 

10 

Materials For "Dirtv "PCR 

Lambda template (10 ng/ml): amplicon is a 891 bp fragment 
Primers 56F/55R (Tm 56° and 55°).400 nM 

Enzymes: Sst (Sso7d-ATaq ) vs. PE Stf (ATaq), STq (Sso7d-Taq) vs. Taq-HIS or AmpliTaq 
1 5 or Amersham Taq, and Stratagene Pfu vs. PfS (Pfu-Sso7d) All enzymes are 20 U/ml except 
where indicated 
200 nM each dNTP 

2 mM MgCh, except 1.5 mM for Amersham Taq and AmpliTaq 
Reactions were 20 fxl 

20 

Methods: 

[0100] E. coli were grown to saturation, spun down, suspended in water at an OD of 100, 
and frozen and thawed to disrupt cells. Dilutions of the disrupted bacteria were added at 
various concentrations to PCR reactions containing lambda DNA as template and two 
25 primers to amplify a 890 bp amplicon. IX is equivalent to an OD of 10 (10 OD units/ml). The 
cycling conditions were as follows: 

1) 95X -20" 

2) 94°C-5" 

3) 60°C-15" 
30 4) 72°C -45" 

5) repeat steps 2-4 19 times 

6) 72°C -5' 

7) 4*'C forever 

8) END 

35 

[01 01 ] The experiment showed that Sso7d-ATaq significantly out performed Stoffel 
fragment (Applied Biosystems, Foster City, CA). Stoffel (Stf) is a trade name for a 
preparation of ATaq. Using 20 U/ml enzyme in the final reaction, Sso7d-ATaq allowed PCR 
amplification in the presence of 0.25x of cell dilution. When the same unit concentrations of 
40 Stoffel was used, no detectable product was generated, even in the most dilute cell solution. 
When 220 u/ml Stoffel was used, a detectable amount of product was generated at a 0.06x or 
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lower concentration of the cell dilution. Thus, the resistance of Sso7d-ATaq to bacterial 
contamination in PCR reaction is more than 10-folder higher than that of the unmodified 
enzyme StofFel. 

[0102] Similarly, Pfu-Sso7d showed more resistance to bacterial contamination than Pfu, 
although both enzymes appeared to be more sensitive to the contamination than Taq-based 
enzymes. With 20 U/ml enzyme in the final reaction, Pfu allowed amplification only in the 
presence of 0.00006x or lower concentrations of cell dilution. In contrast, Pfu-Sso7d allowed 
efficient PCR ampUfication in 0.002x of cell dilution. Thus, Pfii-Sso7d has a 30-fold higher 
tolerance to bacterial contamination in PCR than the unmodified enzyme Pfii. 

B. Resistance to plant and blood contamination in PCR 

[01 031 The same problems exist with other crude template preparations. PCR fails due to 

contaminants carried over in the template preparation. This example shows results with 

crude plant and blood preps. Dilution series were made of plant leaf homogenate from 

Fritallaria agrestis, a species of lily, and whole human blood. Dilutions were made with I x 

TE, pH 8.0 at 1/10, 1/100, 1/IOOO. One microliter of a dilution was added to the appropriate 

reaction mix. The PCR cycling protocol was as follows: 

94°C 2min 
94^C 10 sec 

59*'C 20 sec for Taq & Sso7d-Taq (54^C for Pfii & Pfu-Sso7d) 
72«C 30 sec 
repeat cycle 34 times 
72*'C lOmin 

[0104] The reaction products were analyzed on agarose gels (Figure 1 A and Figure IB). 
Figure lA shows a comparison of the contamination resistance of Pfii vs. PfS. Lanes 1-4 and 
14-17 show progressive lO-fold dilutions of plant leaf homogenate. Pfu shows significant 
inhibition by a 1 : 10 dilution (lane 2). while PfS is completely resistant to this dilution (lane 
7). Similarly, lanes 6-9 and 19-22 show progressive 10-fold dilutions of blood. Pfii is 
significantly inhibited by 1 microliter of blood, while PfS is resistant. Lanes 10 and 23 are 
positive controls (no plant or blood), while lanes 1 1 and 24 are negative controls (no plant or 
blood or template). 

[01 OS] Figure IB shows a comparison between Taq and Sso7d-Taq. The upper panel 
shows reactions performed with 20U/ml Taq, and the lower panel shows reactions performed 
with 20U/ml Sso7d-Taq. Lanes 1-4 in each panel show progressive 10-fold dilutions of plant 
leaf homogenate and lanes 7-10 show progressive 10-fold dilutions of blood. Sso7d-Taq can 
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amplify a product even in the presence of 1 whole blood, while Taq is inhibited by 100- 
fold less blood. Lanes 5 are positive controls (no plant or blood), while lanes 1 1 are negative 
controls (no plant or blood or template). 

5 Example 8. Sso7d-fusion polymerases have advantages in cvcle sequencing 

[0106] Plasmid clones encoding improved polymerases suitable for DNA sequencing have 
been constructed, and the protein products have been purified, and purified. The first enzyme 
is Sso7d-ATaq(Y), (SEQ ID No: 30 and 31 with mutations indicated in bold font) which is 
the same as the enzyme Sso7d-ATaq, except modified according to the method of Tabor and 

10 Richardson (US Patent No. 5,614,365) to have a "Y" substituted for an "F" residue at the 
indicated position in SEQ ID N0:31. The second enzyme is Sso7d-ATaq(E5;Y) (SEQ ID 
No: 32 and 33) with mutations indicated in bold font) which is the same as Sso7d>Taq, except 
modified according to the method of Tabor and Richardson and also containing point 
mutations that inactivate the S'-3' nuclease domain. 

1 5 [0107] The processivity of each Sso7d fusion polymerase was compared to its unmodified 
counterpart, Le., the polymerase without the Sso7d domain. The results in Table 6 show that 
the Sso7d fusion polymerases are more processive. 



Table 6. 

Median Processivity Product Length at 10 

mMKCI 

ATaq (Y) 3 to 4 nts, 

Sso7d-ATaq (Y) 11 to 1 3 nts. 

ATaq (E5)(Y) 5 to 6 nts. 

Sso7d- 34 to 47 nts. 

ATaq (E5)(Y) 

20 

[0108] Sequencing reactions using the fusion polymerases and their unmodified 
counterparts were performed by separating the components of a commercial sequencing kit 
(BigDye terminator Kit v.3, ABI, Foster City CA). Low-molecular-weight components were 
separated from the enzymes by ultrafiltration. Sequencing reactions performed by combining 
25 the low-molecular-weight firaction with the improved enzymes showed good signal strength 
vs. base number curves. Furthermore, the improved polymerases, e.g., Sso7d-ATaq(E5;Y), 
was able to continued through a hard stop better the other enzymes. Such an improved 
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polymerase is also able to continue through dinucleotide, trinucletide, and long single base 
repeats more effectively than a counterpart polymerase.. 

[0109] Optimization of the sequencing reactions will demonstrate improvements in peak 
height evenness, contamination resistance, and lowered requirement for template and/or 
S enzyme concentration. 
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Table of seqaeoces 

SEQ ID NO: 1 Synthetic Sso7d gene 

GCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGACATCTCCAA 
GATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCCTTCACCTACGACGAGGG 
CGGTGGCAAGACCGGCCGTGGTGCXKjTAAGCGAAAAGGACGCGOCGAAGGAGC 
TGCTGCAGATGCTGGAGAAGCAGAAAAAG 

SEQ ID N0:2 The amino acid sequence of Sso7d 

ATVKFKYKGEEKEVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSEKDAPKELLQ 
MLEKQKK 

SEQ ID NO:3 The DNA sequence encoding the Sso7d-ATaq fusion protein 

ATGATTACGAATTCGAGCGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAA 

GAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCC 

TTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAG 

GACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGGGCGGCGG 

TGTCACTAGTCCCAAGGCcCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCC 

TTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCT 

GGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCT 

CAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGC 

CCTGAGGGAAGGCCTTGGCCTCCCGCCCGGOjACGACCCCATGCTCCTCGCCTAC 

ctcctggacccttccaacaccacccccgagggggtggcccggcgctacggcggg 

gagtggacggaggaggcgggggagcgggccgccctttccgagaggctcttcgcc 

aacctgtgggggaggcttgagggggaggagaggctcctttggctttaccgggag 

gtggagaggcccctttccgctgtcctggcccacatggaggccacgggggtgcgc 

ctggacgtggcctatctcagggccttgtccctggaggtggccgaggagatcgccc 

gcctcgaggccgaggtcttccgcctggccggccaccccttcaacctcaactcccg 

ggaccagctggaaagggtcctctttgacgagctagggcttcccgccatcggcaa 

gacggagaagaccggcaagcgctccaccagcgccgccgtcctggaggccctccg 

cgaggcccaccccatcgtggagaagatcctgcagtaccgggagctcaccaagct 

gaagagcacctacattgaccccttgccggacctcatccaccccaggacgggccg 

cctccacacccgcttcaaccagacxjgccacggccacgggcaggctaagtagctc 

cgatcccaacctccagaacatccctgtccgcaccccgcttgggcagaggatccgc 
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CGGGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAGCCAG 

ATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCT 

TCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCC 

CCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCG 

5 GGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATCCCTTA 

CGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGG 

GCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGAC 

CCTCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGT 

GCGGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGC 

1 0 CGACCTC ATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGG 

GGCCAGGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGA 

GAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGTGTATCC 

CCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGC 

CAAGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATCATCATCATCATTA 
15 A 

SEQ ID N0:4 The amino acid sequence of Sso7d-ATaq fusion protein 

MUNSSATVKFKYKGEEKEVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSEKDA 
PKELLQMLEKQKKGGGVTSPKALEEAPWPPPEGAFVGFVLSRKEPMWADLLALAA 

20 ARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDP 
SNTTPEGVARRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLS 
AVLAHMEATGVRLDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQLERVLF 
DELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDLIH 
PRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVALDYS 

25 QffiUlVLAHLSGDENLIRVFQEGRDIHTETASWMFGyPREAVDPLMRRAAKTINFGV 

LYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRR 

RYWDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLEEMGARMLL 

QVHDELVLEAPKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKEGIDGR 
GGGGHHHHHH 

30 

SEQ ID NO:5 The DNA sequence encoding the Sso7d-Taq fusion protein 

ATGATTACGAATTCGAGCGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAA 
GAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCC 
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TTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAG 
GACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGGGCGGCGG 
TGTCACTAGTGGGATGCTGCCCCTCTTTGAGCCCAAGGGCCGGGTCCTCCTGGTG 
GACGGCCACCACCTGGCCTACCGCACCTTCCACGCCCTGAAGGGCCTCACCACCA 
GCCGGGGGGAGCCGGTGCAGGCGGTCTACGGCTTCGCCAAGAGCCTCCTCAAGG 
CCCTCAAGGAGGACGGGGACGCGGTGATCGTGGTCTTTGACGCCAAGGCCCCCT 
CCTTCCGCCACGAGGCCTACGGGGGGTACAAGGCGGGCCGGGCCCCCACGCCAG 
AGGACTTTCCCCGGCAACTCGCCCTCATCAAGGAGCTGGTGGACCTCCTGGGGCT 
GGCGCGCCTCGAGGTCCCGGGCTACGAGGCGGACGACGTCCTGGCCAGCCTGGC 
CAAGAAGGCGGAAAAGGAGGGCTACGAGGTCCGCATCCTCACCGCCGACAAAG 
ACCTTTACCAGCTCCTTTCCGACCGCATCCACGTCCTCCACCCCGAGGGGTACCT 
CATCACCCCGGCCTGGCTTTGGGAAAAGTACGGCCTGAGGCCCGACCAGTGGGC 
CGACTACCGGGCCCTGACCGGGGACGAGTCCGACAACCTTCCCGGGGTCAAGGG 
CATCGGGGAGAAGACGGCGAGGAAGCTTCTGGAGGAGTGGGGGAGCCTGGAAG 
CCCTCCTCAAGAACCTGGACCGGCTGAAGCCCGCCATCCGGGAGAAGATCCTGG 
CCCACATGGACGATCTGAAGCTCTCCTGGGACCTGGCCAAGGTGCGCACCGACCT 
GCCCCTGGAGGTGGACTTCGCCAAAAGGCGGGAGCCCGACCGGGAGAGGCTTAG 
GGCCTTTCTGGAGAGGCTTGAGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTG 
• GAAAGCCCCAAGGCcCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTC 
GTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGG 
CCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCA 
GGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCC 
TGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCT 
CCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGA 
GTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAA 
CCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGT 
GGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGCCT 
GGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCG 
CCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCAACTCCCGG 
GACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAAG 
ACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGC 
GAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTG 
AAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCC 
TCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCG 
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ATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCG 

GGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAGCCAGAT 

AGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCTTC 

CAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCC 

CGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGG 

GTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATCCCTTACG 

AGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGGGC 

CTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCC 

TCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGC 

GGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCCG 

ACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGG 

CCAGGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGA 

GGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGTGTATCCCC 

TGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGCCA 

AGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATCATCATCATCATTAA 

SEQ ID NO:6 The amiDO acid sequence of Sso7d-Taq fusion protein 

MITNSSATVKFKYKGEEKEVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSEKDA 

PKELLQMLEKQKKGGGVTSGMLPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGE 

PVQAVYGFAKSLLKALKEDGDAVIWFDAKAPSFRHEAYGGYKAGRAPTPEDFPRQ 

LALIKELVDLLGLARLEVPGYEADDVLASLAKKAEKEGYEVRILTADKDLYQLLSDR 

IHVLHPEGYLITPAWLWEKYGLRPDQWADYRALTGDESDNLPGVKGIGEKTARKLL 

EEWGSI^ALLKNLDRIJaPAIREKIIj\HMDDUa.SWDI^VRTDlJPLE\^^ 

DRERLRAFLERLEFGSLLHEFGLLESPKALEEAPWPPPEGAFVGFVLSRKEPMWADL 

LALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLA 

YLUJPSNTTPEGVARRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREV 

ERPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQL 

ERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPL 

PDLIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVA 

UJYSQffiLRVI^LSGDENLmVFQEGRDfflTETASWMFGVPREAVDPLMRRAAKTI 

NFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRGYVETL 

FGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLEEMGA 

RMLLQVHDELVLEAPKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE 
GIDGRGGGGHHHHHH 
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SEQ ID NO:7 The DNA sequence encoding the Pfu-Sso7d fusion protein 

ATGATTTTAGATGTGGATTACATAACTGAAGAAGGAAAACCTGTTATTAGGCTAT 

TCAAAAAAGAGAACGGAAAATTTAAGATAGAGCATGATAGAACTTTTAGACCAT 

ACATTTACGCTCTTCTCAGGGATGATTCAAAGATTGAAGAAGTTAAGAAAATAAC 

GGGGGAAAGGCATGGAAAGATTGTGAGAATTGTTGATGTAGAGAAGGTTGAGAA 

AAAGTTTCTCGGCAAGCCTATTACCGTGTGGAAACTTTATTTGGAACATCCCCAA 

GATGTTCCCACTATTAGAGAAAAAGTTAGAGAACATCCAGCAGTTGTGGACATCT 

TCGAATACGATATTCCATTTGCAAAGAGATACCTCATCGACAAAGGCCTAATACC 

AATGGAGGGGGAAGAAGAGCTAAAGATTCTTGCCTTCGATATAGAAACCCTCTA 

TCACGAAGGAGAAGAGTTTGGAAAAGGCCCAATTATAATGATTAGTTATGCAGA 

TGAAAATGAAGCAAAGGTGATTACTTGGAAAAACATAGATCTTCCATACGTTGA 

GGTTGTATCAAGCGAGAGAGAGATGATAAAGAGATTTCTCAGGATTATCAGGGA 

GAAGGATCCTGACATTATAGTTACTTATAATGGAGACTCATTCGACTTCCCATAT 

TTAGCGAAAAGGGCAGAAAAACTTGGGATTAAATTAACCATTGGAAGAGATGGA 

AGCGAGCCCAAGATGCAGAGAATAGGCGATATGACGGCTGTAGAAGTCAAGGG 

AAGAATACATTTCGACTTGTATCATGTAATAACAAGGACAATAAATCTCCCAACA 

TACACACTAGAGGCTGTATATGAAGCAATTTTTGGAAAGCCAAAGGAGAAGGTA 

TACGCCGACGAGATAGCAAAAGCCTGGGAAAGTGGAGAGAACCTTGAGAGAGTT 

GCCAAATACTCGATGGAAGATGCAAAGGCAACTTATGAACTCGGGAAAGAATTC 

CTTCCAATGGAAATTCAGCTTTCAAGATTAGTTGGACAACCTTTATGGGATGTTT 

CAAGGTCAAGCACAGGGAACCTTGTAGAGTGGTTCTTACTTAGGAAAGCCTACG 

AAAGAAACGAAGTAGCTCCAAACAAGCCAAGTGAAGAGGAGTATCAAAGAAGG 

CTCAGGGAGAGCTACACAGGTGGATTCGTTAAAGAGCCAGAAAAGGGGTTGTGG 

GAAAACATAGTATACCTAGATTTTAGAGCCCTATATCCCTCGATTATAATTACCC 

ACAATGTTTCTCCCGATACTCTAAATCTTGAGGGATGCAAGAACTATGATATCGC 

TCCTCAAGTAGGCCACAAGTTCTGCAAGGACATCCCTGGTTTTATACCAAGTCTC 

TTGGGACATTTGTTAGAGGAAAGACAAAAGATTAAGACAAAAATGAAGGAAACT 

CAAGATCCTATAGAAAAAATACTCCTTGACTATAGACAAAAAGCGATAAAACTC 

TTAGCAAATTCTTTCTACGGATATTATGGCTATGCAAAAGCAAGATGGTACTGTA 

AGGAGTGTGCTGAGAGCGTTACTGCCTGGGGAAGAAAGTACATCGAGTTAGTAT 

GGAAGGAGCTCGAAGAAAAGTTTGGATTTAAAGTCCTCTACATTGACACTGATG 

GTCTCTATGCAACTATCCCAGGAGGAGAAAGTGAGGAAATAAAGAAAAAGGCTC 

TAGAATTTGTAAAATACATAAATTCAAAGCTCCCTGGACTGCTAGAGCTTGAATA 
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TGAAGGGTTTTATAAGACKKKjATTCTTCGTTACGAAGAAGAGGTATCX:AGTAAT 

AGATGAAGAAGGAAAAGTCATTACTCGTGGTTTAGAGATAGTTAGGAGAGATTG 

GAGTGAAATTGCAAAAGAAACTCAAGCTAGAGTTTTGGAGACAATACTAAAACA 

CGGAGATGTTGAAGAAGCTGTGAGAATAGTAAAAGAAGTAATACAAAAGCTTGC 

CAATTATGAAATTCCACCAGAGAAGCTCGCAATATATGAGCAGATAACAAGACC 

ATTACATGAGTATAAGGCGATAGGTCCTCACGTAGCTGTTGCAAAGAAACTAGCT 

GCTAAAGGAGTTAAAATAAAGCCAGGAATGGTAATTGGATACATAGTACTTAGA 

GGCGATGGTCCAATTAGCAATAGGGCAATTCTAGCTGAGGAATACGATCCCAAA 

AAGCACAAGTATGACGCAGAATATTACATTGAGAACCAGGTTCTTCCAGCGGTA 

CTTAGGATATTGGAGGGATTTGGATACAGAAAGGAAGACCTCAGATACCAAAAG 

ACAAGACAAGTCGGCCTAACTTCCTGGCTTAACATTAAAAAATCCGGTACCGGC 

GGTGGCGGTGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGA 

CATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCCTTCACCTAC 

GACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAGGACGCGCC 

GAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGTGA 

SEQ ID NO:8 The amino acid sequence of the Pfu-Sso7d fusion protein 

MILDVDYITEEGKPVIRLFKKENGKFKIEHDRTFRPYIYALLRDDSKIEEVKKITGERH 

GKIVRIVDVEKVEKKFLGKPITVWKLYLEHPQDVPTIREKVREHPAVVDIFEYDIPFA 

KRYLIDKGLIPMEGEEELKILAFDIETLYHEGEEFGKGPIIMISYADENEAKVITWKNID 

LPYVEVVSSEREMIKRFLRIIREKDPDIIVTYNGDSFDFPYLAKRAEKLGIKLTIGRDGS 

EPKMQRIGDMTAVEVKGRfflFDLYHVITRTINLPTYTLEAVYEAIFGKPKEKVYADEI 

AKAWESGENLERVAKYSMEDAKATYELGKEFLPMEIQLSRLVGQPLWDVSRSSTGN 

LVEWFLLRKAYERNEVAPNKPSEEEYQRRLRESYTGGFVKEPEKGLWENIVYLDFR 

ALYPSnrrHNVSPDTLNLEGCKNYDIAPQVGHKFCKDIPGFIPSLLGHLLEERQKIKTK 

MKETQDPIEKILLDYRQKAIKLLANSFYGYYGYAKARWYCKECAESVTAWGRKYIE 

LVWKEL£EKFGEKVLYIDTDGLYATIPGGESEEKKKALEFVKYINSKLPGLLELEYE 

GFYKRGFFVTKKRYAVIDEEGKVITRGLEIVRRDWSEIAKETQARVLETILKHGDVEE 

AVRIVKEVIQKUOTEffPEKLAIYEQrrRPIiffiYKAIGPHVAVAKJCLAAKGVKIKPG 

MVIGYIVUIGDGPISNRAILAEEYDPKKHKYDAEYYIENQVLPAVLRILEGFGYRKED 

LRYQKTRQVGLTSWLNKKSGTGGGGATVmCYKGEEKEVDISKIKKVWRVGKMIS 
FTYDEGGGKTGRGAVSEKDAPKELLQMLEKQKK 
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SEQ ID NO:9 The DNA sequence encoding the Sac7d-ATaq fusion protein 

ATGATTACGAATTCGACGGTGAAGGTAAAGTTCAAGTATAAGGGTGAAGAGAAA 

GAAGTAGACACTTCAAAGATAAAGAAGGTTTGGAGAGTAGGCAAAATGGTGTCC 

TTTACCTATGACGACAATGGTAAGACAGGTAGAGGAGCTGTAAGCGAGAAAGAT 

GCTCCAAAAGAATTATTAGACATGTTAGCAAGAGCAGAAAGAGAGAAGAAAGG 

CGGCGGTGTCACTAGTCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCX:CGCCGGA 

AGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT 

CTGGCCCTGGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTAT 

AAAGCCCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGC 

GTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCC 

TCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTA 

CGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGC 

TCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTA 

CCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGG 

GGTGCGCCTGGACGTGGCCtATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGA 

GATCGCCCGCCTCGAGGCCGGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCA 

ACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCAT 

CGGCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGC 

CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC 

CAAGCTGAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACG 

GGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGT 

AGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGA 

TCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAG 

CCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCG 

GGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGG 

CGTCCCCCGGGAGGCCGTGGACCCeCTGATGCGCCGGGCGGCCAAGACCATCAA 

CTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATC 

CCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGG 

TGCGGGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTG 

GAGACCCTCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAG 

AGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACC 

GCCGCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAA 

ATGGGGGCCAGGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCA 
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AAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGT 
GTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCT 
CTCCGCCAAGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATCATCATCA 
TCATTAA 

SEQ ID NO:10 The amiDO acid sequence of the Sac7d-ATaq fusion protein 

MITNSTVKVKFKYKGEEKEVDTSKIKKVWRVGKMVSFTYDDNGKTGRGAVSEKDA 

PKELLDMLARAEREKKGGGVTSPKALEEAPWPPPEGAFVGFVLSRKEPMWADLLAL 

AAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLL 

DPSNTTPEGVARRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERP 

LSAVLAHMEATGVRLDVAYLRALSLEVAEEIARl^AEWRLAGHPFNLNSRDQLERV 

LFDELGIJAIGKTEKTGICRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDLI 

HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVALDY 

SQIELRVLAHLSGDENLIRVFQEGRDIHTETASWMFGVPREAVDPLMRRAAKTINFG 

VLYGMSAHRLSQELAIPYEEAQAFffiRYFQSFPKVRAWIEKTLEEGRRRGYVETLFGR 

RRYWDLEARVKSVREAAERMAFNMPVQGTAADIMKLAMVKIJPRLEEMGARM^ 

LQVHDELVLEAPKERAEAVARLAKEVNlEGyYPLAVPLEVEVGIGEDWLSAKEGlDG 
RGGGGHHHHHH 

SEQ ID NO:ll The DNA sequence encoding the PL-ATaq fusion protein 

ATGATTACGAATTCGAAGAAAAAGAAAAAGAAAAAGCGTAAGAAACGCAAAAA 

GAAAAAGAAAGGCGGCGGTGTCACTAGTGGCGCAACCGTAAAGTTCAAGTACAA 

AGGCGAAGAAAAAGAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGG 

GCAAGATGATCTCCTTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTG 

CGGTAAGCGAAAAGGACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAG 

AAAAAGGGCGGCGGTGTCACX^AGTCCCAAGGCCCTGGAGGAGGCCCCCTGGCCC 

CCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGG 

CCGATCTTCTGGCCCTGGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCG 

AGCCTTATAAAGCCCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAG 

ACCTGAGCGTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCC 

CATGCTCCTCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCC 

CGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCC 

GAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTT 
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TGGCTITACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGG 
CCACGGGGGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGC 
CGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTC 
AACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTC 
5 CCGCCATCGGCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCC 
TGGAGGCCCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGG 
AGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCC 
CAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAG 
GCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGG 

1 0 CAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTG 
GACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAAC 
CTGATCCGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGG 
ATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAG 
ACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGC 

1 5 TAGCCATCCCTTACGAGGAGGCCC AGGCCTTCATTGAGCGCTACTTTCAGAGCTT 
CCCCAAGGTGCGGGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGG 
GGTACGTGGAGACCCTCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCC 
GGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCC 
AGGGCACCGCCGCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCT 

20 GGAGGAAATGGGGGCCAGGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGA 

GGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGG 

AGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGG 

ACTGGCTCTCCGCCAAGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATC 
ATCATCATCATTAA 

25 

SEQ ID NO: 12 The amino add sequence of PL-ATaq fusion protein 
MITNSKKKKKKKRKKRKKKKKGGGWSGATVKFKYKGEEKEVDISKIKKVW 
MISFTYDEGGGKTGRGAVSEKDAPKELLQMLEKQKKGGGVTSPKALEEAPWPPPEG 
AFVGFVLSRKEPMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVL 
30 AIJIEGLGIJ>PGDDPMLIAYLIJ)PSNTTPEGVARRYGGEWTEEAGERAALSERLFAN 
LWGRLEGEERLLWLYREVERPI^AVLAHMEATGVRLDVAYIJIAI^I^VAEEIARLE 
AEVFRLAGHPFNIJSrSRDQI£RVIifDELGLPAIGKTEKTGKRSTSAAVI.£AIilEAOT 
EKILQYRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTP 
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LGQRIRRAFIAEEGWLLVALDYSQIELRVLAHLSGDENLIRVFQEGRDIHTETASWMF 
GVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVR 
AWIEKTLEEGRRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAAD 
UVIKLAMVKLFPRI^EMGARMLLQVHDELVLEAPKERAEAVARLAKEVMEGVYPL 
5 AVPLEVEVGIGEDWLSAKEGIDGRGGGGHHHHHH 

SEQU)NO:13 PRIMER L71F 

5 *-CCTGCTCTGCCGCTTCACGC-3 ' 

10 SEQ ID NO:14 PRIMER L71R 

5*-GCACAGCGGCTGGCTGAGGA-3 ' 

SEQ ID NO:15 PRIMER L1801SF 

5 '-TGACGGAGGATAACGCCAGCAG-S ' 

15 

SEQ ID NO:16 PRIMER L23474R 

5*-GAAAGACGA TGGGTCGCrAATACGC-3' 

SEQIDNO:17 PRIMER L1801SF 

20 5 '-TGACGGAGGATAAC GCCAGCAG-3 ' 

SEQIDNO:18 PRIMER L29930R 
5*-GGGGTTGGAGGTCAATGGGTTC-3 ' 

25 SEQIDNO:19 PRIMER L303S0F 

5 '-CCTGCTCTGCCGCTTCACGC-3 * 

S£QIDNO:20 PRIMER L35121R 

5'-CACATGGTACAGCAAGCCTGGC-3' 

30 

SEQ ID NO:21 PRIMER L2089F 
5'-CCCGTATCTGCTGGGA TACTGGC-3 
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SEQ ID NO: 22 PRIMER L7112R 

5*-CAGCGGTGCTGACTGAATCATGG-3 

SEQ ID NO:23 PRIMER L303S0F 

5 5'-CCTGCCTGCCGCTTCACGC-3* 

SEQ ID NO:24 PRIMER L40547R 

5'-CCAATACCCGTTTCA TCGCGGC-3* 

1 0 SEQ ID NO:25 PRIMER H-Amelo-Y 

5'-CCACCTCATCCTGG GCACC-3* 

SEQ ID NO:26 PRIMER H-Amelo-YR 

5 ' -GCTTG AGGCC AACCATC AGAGC-3 ' 

15 

SEQ ID NO:27 Human beta-globin primer 536F 
5 *-GGTTGGCCAATCTACTCCCAGG-3* 

SEQ ID NO:28 Human beta-globin primer 536R 

20 5'-GCTCACTCAGTGTGGCAAAG-3' 

SEQ ID NO:29 Human beta-globin primer 1408R 

5 '-GATTAGCAAAAGGGCCTAGCTTGG-3 ' 

25 SEQ ID NO:30 The DNA sequence encoding the Sso7d-ATaq(Y) protein 

ATGATTACGAATTCGAGCGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAA 
GAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCC 
TTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAG 
GACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGGGCGGCGG 
30 TGTCACTAGTCCCAAGGCcCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCC 
TTCGTGGGCmGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCT 
GGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCT 
CAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGC 
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CCTGAGCXjAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTAC 

CTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGG 

GAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCC 

AACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAG 

GTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGC 

CTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCC 

GCCTCGAGGCCGAGGTCITCCGCCrGGCCGGCCACCCCTTCAACCTCAACTCCCG 

GGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAA 

GACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCG 

CGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCT 

GAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCG 

CCTCCACACCCGCTTCAACCAGACXjGCCACGGCCACGGGCAGGCTAAGTAGCTC 

cgatcccaacctccagaacatccccx3tccgcaccccgcttgggcagaggatccgc 

cgggccttcatcgccgaggaggggtggctattggtggccctggactatagccag 

atagagctcagggtgctggcccacctctccggcgacgagaacctgatccgggtct 

tccaggaggggcgggacatccacacggagaccgccagctggatgttcggcgtcc 

cccgggaggccgtggaccccctgatgcgccgggcggccaagaccatcaactacg 

gggtcctctacggcatgtcggcccaccgcctctcccaggagctagccatccctta 

cgaggaggcccaggccttcattgagcgctactttcagagcttccccaaggtgcgg 

gcctggattgagaagaccctggaggagggcaggaggcgggggtacgtggagac 

cctcttcggccgccgccgctacgtgccagacctagaggcccgggtgaagagcgt 

gcgggaggcggccgagcgcatggccttcaacatgcccgtccagggcaccgccgc 

cgacctcatgaagctggctatggtgaagctcttccccaggctggaggaaatggg 

ggccaggatgctccttcaggtccacgacgagctggtcctcgaggccccaaaaga 

gagggcggaggccgtggcccggctggccaaggaggtcatggagggggtgtatcc 

cctggccgtgcccctggaggtggaggtggggataggggaggactggctctccgc 

caaggagggcattgatggccgcggcggaggcgggcatcatcatcatcatcatta 

A 

SEQ ID NO:31 The amino acid sequence of Sso7d-ATaq(Y) protein 

MITNSSATVKFKYKGEEKEVDISKKKVWRVGKMISFTYDEGGGKTGRGAVSEKDA 

PKELLQMLEKQKKGGGVTSPKALEEAPWPPPEGAFVGFVLSRKEPMWADLUUJVA 

ARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDP 
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ShTTTPEGVARRYGGEWTEEAGERAALSERLFAhfLWGRLEGEERLLWLYREVERPLS 

AVl^^HMEATGVRUJVAYLRALSLEVAEEIAJEU^AEVFRLAGHPFNLNSRDQ 

DELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDLIH 

PRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVALDYS 

5 QffilJlVLAHI5GDENIJRVFQEGRDfflTETASW^lFGVPREAVDPIJ^lRR/^AKTI^^^ 

LYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRR 

RYWDI^ARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLEEMGARMLL 

QVHDELVLEAPKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKEGIDGR 
GGGGHHHHHH 

10 

SEQ ID NO:32 The DNA sequence encoding the Sso7d-ATaq (ES)(¥) protein 
ATGATTACGAATTCGAGCGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAA 
GAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCC 
TTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAG 
1 5 GACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGC AGAAAAAGGGCGGCGG 
TGTCACTAGTGGGATGCTGCCCCTCTTTGAGCCCAAGGGCCGGGTCCTCCTGGTG 
GACGGCCACCACCTGGCCTACCGCACCTTCCACGCXCTGAAGGGCCTCACCACCA 

GCCGGGGGGAGCCGGTGCAGGCGGTCTACGGCTTCGCCAAGAGCCTCCTCAAGG 
CCCTCAAGGAGGACGGGGACGCGGTGATCGTGGTCTTTGACGCCAAGGCCCCCT 

20 CCTTCCCCCACGAGGCCTACGGGGGGCACAAGGCGGGCCGGGCCCCCACGCCAG 
AGGACTTTCCCCGGCAACTCGCCCTCATCAAGGAGCTGGTGGACCTCCTGGGGCT 
GGCGCGCCTCGAGGTCCCGGGCTACGAGGCGGACGACGTCCTGGCCAGCCTGGC 
CAAGAAGGCGGAAAAGGAGGGCTACGAGGTCCGCATCCTCACCGCCGACAAAG 
ACCTTTACCAGCTCCTTTCCGACCGCATCCACGTCCTCCACCCCGAGGGGTACCT 

25 CATCACCCCGGCCTGGCTTTGGGAAAAGTACGGCCTGAGGCCCGACCAGTGGGC 
CGACTACCGGGCCCTGACCGGGGACGAGTCCGACAACCTTCCCGGGGTCAAGGG 
CATCGGGGAGAAGACGGCGAGGAAGCTTCTGGAGGAGTGGGGGAGCCTGGAAG 
CCCTCCTCAAGAACCTGGACCGGCTGAAGCCCGCCATCCGGGAGAAGATCCTGG 
CCCACATGGACGATCTGAAGCTCTCCTGGGACCTGGCCAAGGTGCGCACCGACCT 

30 GCCCCTGGAGGTGGACTTCGCCAAAAGGCGGGAGCCCGACCGGGAGAGGCTTAG 
GGCOTTCTGGAGAGGCTTGAGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTG 
GAAAGCCCCAAGGCcCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTC 
GTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGG 
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CCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCA 
GGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCC 
TGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCT 
CCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGA 
5 GTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAA 
CCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGT 
GGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGCCT 
GGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCG 
CCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCAACTCCCGG 

10 GACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAAG 
ACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGC 
GAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTG 
AAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCC 
TCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCG 

15 ATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCG 
GGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAGCCAGAT 
AGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCTTC 
CAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCC 
CGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTACGGG 

20 GTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATCCCTTACG 
AGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGGGC 
CTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCC 
TCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGC 
GGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCGG 

25 ACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGG 
CCAGGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGA 
GGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGTGTATCCCC 
TGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGCCA 
AGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATCATCATCATCATTAA 

30 

SEQ ID NO:33 The amino acid sequence of Sso7d-ATaq (E5)(Y) protein 

MITNSSATVKFKYKGEEKEVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSEKDA 
PKELLQMLEKQKKGGGVTSGMLPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGE 
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PVQAVYGFAKSLLKALKEDGDAVIWFDAKAPSFPHEAYGGHKAGRAPTPEDFPRQ 

LALKELVDLLGLARLEVPGYEADDVLASLAiCKAEKEGYEVRILTADKDLYQLLSDR 

mVLHPEGYLITFAWLWEKYGLRPDQWADYRALTGDESDNLPGVKGIGEKTARKLL 

EEWGSLEALLKNLDRLKPAIREKIlJ^HMDDIja^WDLAKVRTDLPLEVDFAKRREP 

DRERIJL\FLERLEFGSLUffiFGLLESPKALEEAPWPPPEGAFVGFVLSRKEPMWADL 

LALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLA 

YLUJPSNTTPEGVARRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREV 

ERPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQL 

ERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPL 

PDLIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVA 

IX)YSQffiLRVLAHLSGDENURWQEGRDfflTETASWMFGWREAVDPLMRRAAKTI 

NYGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRGYVET 

LFGRRRYWDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLEEMG 

ARMLLQVHDELVLEAPKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAK 
EGIDGRGGGGHHHHHH 



I 
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WHAT IS CLAIMED IS: 

1 1 . A method of increasing the yield from a polymerase reaction on a 

2 target nucleic acid present in a solution that comprises a polymerase inhibitor, the method 

3 comprising: 

4 (a) contacting the target nucleic acid with a polymerase, wherein the 

5 polymerase is joined to a sequence-non-specific nucleic-acid-binding domain that: (i) binds 

6 to double-stranded nucleic acid, and (ii) enhances the processivity of the polymerase 

7 compared to an identical polymerase not having the sequence non-specific nucleic-acid- 

8 binding domain fiised to it, and 

9 wherein the solution is of a composition that permits the binding 

10 domain to bind to the target nucleic acid and the polymerase domain to extend a primer that 

11 is hybridized to the target nucleic acid sequence; 

1 2 (b) incubating the solution under conditions in which the primer is extended 

13 by the polymerase. 

1 2. A method of claim 1 , wherein the polymerase inhibitor is a fluorescent 

2 dye. 

1 3. A method of claim 2, wherein the dye is SYBR Green L 

1 4. A method of claim 1 , wherein the polymerase domain has thermally 

2 stable polymerase activity. 

1 5. A method of claim 4, wherein the thermally stable polymerase domain 

2 is a ATaq polymerase domain. 

1 6. A method of claim 4, wherein the polymerase domain comprises a 

2 Pyrococcus polymerase domain. 

1 7. A method of claim 1 , wherein the sequence-non-specific nucleic-acid- 

2 binding domain specifically binds to polyclonal antibodies generated against Sso7d. 

1 8. A method of claim 1 , wherein the sequence-non-specific nucleic-acid- 

2 binding domain contains a 50 amino acid subsequence containing 50% amino acid similarity 

3 to Sso7d. 
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1 9. A method of claim 1 , wherein the sequence-non-specific nucleio-acid- 

2 binding domain is Sso7d. 

1 1 0. A method of claim 1 , wherein the target nucleic acid is a crude sample. 

1 1 1 . A method of sequencing a nucleic acid in an aqueous solution using an 

2 improved polymerase, the method comprising: 

3 (a) contacting the target nucleic acid with a polymerase, wherein the 

4 polymerase is joined to a sequence-non-specific nucleic-acid-binding domain that: (i) binds 

5 to double-stranded nucleic acid, and (ii) enhances the processivity of the polymerase 

6 compared to an identical polymerase not having the sequence non-specific nucleic-acid- 

7 binding domain fused to it, and 

8 wherein the solution is of a conq^osition that permits the binding 

9 domain to bind to the target nucleic acid and the polym^se domain to extend a primer that 

10 is hybridized to the target nucleic acid sequence; 

1 1 (b) incubating the solution under conditions in which the primer is extended 

12 by the polymerase. 

1 1 2. A method of claim 1 3, wherein the thermally stable polymerase 

2 domain is a ATaq polymerase domain. 

1 1 3. A method of claim 1 1 , wherein the sequence-non-specific nucleic- 

2 acid-binding domain specifically binds to polyclonal antibodies generated against Sso7d. 

1 1 4. A method of claim 1 1 , wherein the sequence-non-specific nucleic- 

2 acid-binding domain contains a 50 amino acid subsequence containing 50% amino acid 

3 similarity to Sso7d. 

1 1 5. A method of claim 1 1 , wherein the sequence-non-specific nucleic- 

2 acid-binding domain is Sso7d. 

1 1 6. A method of performing a quantitative polymerase reaction on a target 

2 nucleic acid present in a solution that comprises a DNA-binding fluorescent dye, the method 

3 comprising: (a) contacting the target nucleic acid with a polymerase, wherein the polymerase 

4 is joined to a sequence-non-specific nucleic-acid-binding domain that: (i) binds to double- 

5 stranded nucleic acid, and (ii) enhances the processivity of the polymerase compared to an 
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6 identical polymerase not having the sequence non-specific nucleic-acid-binding domain fiised 

7 to it, and 

8 wherein the solution is of a composition that permits the binding 

9 domain to bind to the target nucleic acid and the polymerase domain to extend a primer that 

10 is hybridized to the target nucleic acid sequence; 

1 1 (b) incubating the solution under conditions in which the primer is extended 

12 by the polymerase, and 

1 3 (c) exposing the solution to a suitable excitation light and measuring 

1 4 fluorescence emission from the fluorescent dye. 

1 1 7. A method of claim 16, wherein the polymerase domain has thermally 

2 stable polymerase activity. 

1 1 8. A method of claim 1 7, wherein the thermally stable polymerase 

2 domain is a ATaq polymerase domain. 

1 1 9. A method of claim 1 7, wherein the polymerase domain comprises a 

2 Pyrococcus polymerase domain. 

1 20. A method of claim 16, wherein the sequence-non-specific nucleic- 

2 acid-binding domain specifically binds to polyclonal antibodies generated against Sso7d. 

1 2 1 . A method of claim 1 6, wherein the sequence-non-specific nucleic- 

2 acid-binding domain contains a 50 amino acid subsequence containing 50% amino acid 

3 similarity to Sso7d. 

1 22. A method of claim 1 6, wherein the sequence-non-specific nucleic- 

2 acid-binding domain is Sso7d. 
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Figure lA 



Pfu 100 U/ml 



PfS 20 U/ml 
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Figure IB 



Taq 20_ U/ml 

f 1 2 3 4 5 6 7 8 91011 12 




STq 20 U/ml 
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